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Abstract
Coffee consumers want an affordable, high-quality cup of coffee that takes minimal time to
brew and does not excessively contribute plastic to landfills. A fully autonomous system
which utilizes whole coffee beans, water, and filters to brew coffee can meet this need. This
system will accept user requests which specify the brew’s portion size, water temperature,
and brew strength, as well as time which the system should begin the brewing process.
Occasional maintenance to empty the system’s built-in waste receptacle or resupply the
system with water, coffee beans, or filters will be the only user intervention required. This
report discusses the detailed hardware and software subsystem designs.

Key Features:
•
•
•
•
•

The brewing process should not require human intervention unless the waste receptacle
needs to be emptied or the coffee beans, water, or filters need to be replenished.
The system will accept user input and notify the user when maintenance is needed via a
mobile device app (primary user interface) as well as via a built-in control panel
(secondary user interface).
The system will brew coffee in user-specified portion sizes, with user-specified
temperatures and brew strengths, and at user-specified times.
When the brewing process successfully completes, the used filter and grounds will
automatically be deposited into a built-in waste receptacle.
The system will be a standalone kitchen appliance which operates using power from a
standard AC wall outlet.

vi

1. Problem Statement
1.1. Need (BHV)
Sixty-four percent of American adults drink coffee every day, with seventy-nine percent of
those coffee drinkers brewing their coffee at home.1 However, the average pot of coffee takes
five to ten minutes of the user's time to set up and clean after brewing. K-cup coffee pods are
much quicker to brew but create plastic waste and result in coffee of inferior quality. People
who purchase coffee at a coffee shop also contribute a significant amount of plastic to
landfills and tend to spend between $120 to $840 more annually on coffee than people who
brew coffee at home.2 Coffee consumers want an affordable, high-quality cup of coffee that
takes minimal time to brew and does not excessively contribute plastic to landfills. A
cheaper, more environmentally friendly, and more time-efficient solution is needed for those
who consume coffee on a frequent basis.
1.2. Objective (LJM)
The objective is to create a fully autonomous coffee grinding and brewing system that will
produce a user-selectable amount of coffee from fresh coffee beans and water, then
automatically dispose of the used coffee grounds and filters, all without human intervention.
The system should be controlled primarily via a remote app which communicates to the
system through Bluetooth and secondarily via an integrated control panel.
1.3. Background
1.3.1. Introduction (LJG)
There are few industries with more opportunity and potential for growth than that founded on
the coffee bean. A large sector of the coffee industry is dedicated to appliances which allow
consumers to efficiently and economically brew their own coffee. While the traditional drip
machine was the standard piece of in-home brewing technology for decades, in recent years,
the use of drip coffee makers decreased by almost 25% while the use of single-serving
machines rose by 50% (“NCA Releases Atlas of American Coffee”). This indicates that
there is a rapidly growing trend of consumers desiring single serving amounts of coffee
which can be expeditiously prepared.
However, current single-serving brewing machines have widely recognized shortcomings.
Firstly, there is the matter of taste. While ground coffee is considered shelf-stable, it easily
succumbs to physical and chemical changes which negatively affect the quality of the brew
and lead to staling (Cincotta, 8). Consequently, coffee grounds packaged in single-serving
pods typically produce a less-than-fresh-tasting beverage. Additionally, there is the more
serious problem of the amount of plastic waste resulting from the use of single serving pods;
some studies have estimated that the number of pods which ended up in landfills during 2014
could circle the earth over 12 times if placed next to each other (Kooduvalli, 1). The
problems of subpar taste and excessive plastic waste can be mitigated by using freshly
ground beans, which is an option when using a traditional drip brewing machine, but these
1

appliances have their own drawbacks. Drip coffee machines require more user involvement
in the brewing process such as grinding the whole coffee beans, placing the filter and
grounds in the brewing chamber, then disposing the used grounds and filter in between each
brewing cycle. Most critically, these machines do not brew coffee in well-defined serving
sizes or taste strengths, as these are variables which depend on how much water and grounds
the user puts into the system.
To circumvent these problems, the proposed autonomous coffee brewing system will
incorporate the sub-systems described below, resulting in a device that is fully autonomous
and prepares an amount of coffee with a user-specified serving size and brew strength.
1.3.2. Water Heating System (LJG)
Coffee is a simple beverage consisting of coffee bean compounds extracted by hot water.
Consequently, the temperature of the water has a large effect on the flavor of the coffee.
Excessively high-water temperatures negatively affect the flavor by extracting undesirable
elements which lead to excessive bitterness, while temperatures that are too low to properly
extract the full variety of soluble compounds result in a sour, acidic, and weak-tasting
beverage (Sanchez, 503). There are optimal water temperatures depending on the strength
and flavor of coffee desired. For example, volatile compounds such as guaiacol and
pyrazines, which are responsible for nutty and savory flavors, are extracted when the water is
at a temperature greater than or equal to 96 degrees Celsius (Cordoba, 55). An ideal water
heating system for any coffee brewing machine would have the ability to heat water within a
specified range of temperatures known to be ideal for extracting soluble compounds from
coffee grounds, where the higher temperatures produce a more intense flavor, and the lower
temperatures produce a less intense flavor.
Keurig coffee makers are currently some of the most popular appliances for brewing singleserving beverages. In a patent outlining a design for a potential appliance, they described a
water heating and delivery system. The system includes a reservoir for holding cool or room
temperature water, a heater tank with a heating element within it, a brew chamber, an air
pump for pressurizing the heating tank to propel the water into the brewing chamber, and a
controller connected to these components (Tinkler). The reservoir, heating tank, and brew
chamber components are standard in most drip brewing appliances, while the air pump is an
addition usually required by single-serving machines. A major limitation of this system is
that the patent makes no reference to an adjustable water temperature target which the user
could control. This is typical of most brewing appliances where the heating system must raise
the water temperature to a non-variable target temperature. However, this patent was
published in 2013, and while many appliances still use similar systems with static target
water temperatures, some of Keurig’s most recently produced appliances do have a
temperature setting. The major limitation with these modern devices is that the permitted
temperature range excludes the upper temperatures which are known to produce a stronger
tasting coffee. For instance, the K-Elite© Single Serve Coffee Maker allows the user to use
their own grounds and adjust the water temperature from 187 to 194 degrees Fahrenheit
(“Keurig® K-Elite® Single Serve Coffee Maker”). This is approximately 86 to 90 degrees
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Celsius, a range which excludes the higher temperatures needed for extracting some of the
compounds from the coffee grounds which are required for intense, savory flavors.
The proposed system will use standard components including a reservoir for holding cool or
room temperature water, a heating tank containing an electrically powered heating element, a
brewing chamber, and a controller. Prior to heating the water, a specific amount of water is
transferred into the heating tank. A well-established approach for liquid measurement is the
use of ultrasonic technology (Glass, 3). The capacity of the water reservoir will be a known
constant; consequently, the volume of water transferred out of the reservoir can be
determined by the remaining water’s surface level. Incorporating an ultrasonic level sensor in
the water reservoir will allow the cool or room temperature water to be pumped from the
reservoir to the heating tank until the water level in the reservoir is reduced by the correct
amount. In addition to measuring specific volumes of water to be heated, the system will also
incorporate thermal sensing into the heating tank. Thermistor technology utilizes the change
in electrical resistivity due to temperature, providing a simple and accurate device to detect
the temperature of its surroundings (“Thermistors and NTC Thermistors”). A food-grade
thermistor submersed in the water filling the heating tank will detect when the water has been
heated to a particular temperature. As a result, the user will be able to specify the temperature
to which the system should heat the water. When the water in the heating tank reaches that
temperature, the heating element will shut off and the hot water will be transported to the
brewing chamber. Like the K-Elite© Single Serve Coffee Maker, the user will only be able to
select temperatures within a given range, but that range will be much larger than 86 to 90
degrees Celsius and will include the higher temperatures needed for a stronger-tasting brew.
1.3.3. Coffee Grinder System (LJM)
The second major subsystem of the proposed autonomous coffee brewing system is the
grinding component which produces the grounds used to brew the coffee from whole coffee
beans. The size of the coffee ground particles, in addition to the temperature of the water
used for brewing, is another important factor that can significantly affect the soluble
compounds extracted into the brewed coffee. For instance, a study found that a decreased
particle size which results in an increased surface area available for contact with water during
brewing has the highest effect on the resulting caffeine content of the brew, which indicates
that the surface area available to contact and retain water in the finely ground samples is
higher (Murray, 86). If the grind is finer, the surface area of the coffee bean particles is
increased, allowing more chemical compounds and emulsifiable elements to be dispersed
into the brew. If a coffee with a less intense taste is desired, the grind should correspondingly
be coarser. Therefore, it is important that the grinding system consistently produce coffee
grounds with the correct particle size for the desired taste strength.
There are two main methods of grinding coffee beans that most modern coffee grinders
employ. The first method uses a blade rotating at high speeds to chop the coffee beans into a
powder. However, this method is not ideal since the resulting coffee grounds will vary in
size, making it difficult to get a consistent grind with the desired size of particles. This blade
grinding system is also not ideal due to heat and friction caused by the spinning blades,
which can adversely affect the flavor of the coffee. The second main method uses abrasive
3

elements to crush the coffee beans into a uniform size and are referred to as burr grinders.
Burr grinding systems allow for greater control over the size of the resulting coffee bean
particles than blade grinders. There are two types of burr grinders – flat burr grinders and
conical burr grinders. Flat burr grinders operate by rotating two abrasive disks while coffee
beans are fed into the top (Schakel). The second type of burr grinder employs the use of two
conical rings to crush the coffee beans and are called conical burr grinders. An example
design of the conical burr grinder can be seen in patent EP2544571B1, which illustrates the
mechanical drawing of a common conical burr grinder design (Davenport). While both
methods of burr grinders use abrasive elements to crush the coffee beans, there are a number
of differences in the resulting coffee grounds. Flat burr grinders tend to produce finer coffee
grounds, while conical burr grinders produce slightly more inconsistent ground sizes (Burr
Coffee Grinder (How They Work Explained)). A conical burr grinder will be the ideal
grinder to incorporate into the proposed system due to its ability to produce consistently sized
coffee bean particles.
While conical burr grinders are widely available, they are individual devices and are not built
into drip or single-serving coffee brewing appliances. The user must put the whole coffee
beans into the grinder and operate the device to produce coffee grounds, using their own
judgement to determine the correct amount of coffee beans and grind time. As a result, the
quantity of grounds produced may be more or less than the quantity needed to brew a desired
volume of coffee, and the particle size may be too coarse or too fine depending on the
amount of time the coffee beans were ground and the distance between the burrs. This
limitation will be eliminated in the proposed autonomous coffee brewing system, as the
grinding system will be controlled to grind a precise amount of coffee grounds to a specific
particle size. Both parameters will depend on the amount and brew strength of the coffee
selected by the user. The quantity of grounds will be measured by the run-time of the coffee
grinder. The coffee grinder will be located above the brewing chamber. As the coffee beans
are ground, the grounds will fall directly into the coffee filter.
1.3.4. Coffee Filtration System (BHV)
The third major subsystem of the proposed autonomous coffee brewing system is the
filtration system. The proposed device will use the brewing technique that is standard in drip
coffee machines, which involves combining hot water and grounds and letting the resulting
brew pass through a filter to remove the larger particles. In addition to being an efficient way
to prevent coffee grounds from ending up in the prepared beverage, filtered coffee also has
health benefits which distinguish it from brewing methods where the grounds are immersed
in the hot water, then strained out. Diterpenes such as cafestol and kahwoel are the main
cholesterol-raising compounds in coffee, but they are mostly removed by paper filters;
therefore, unfiltered coffee is a significant source of diterpenes, whereas the consumption of
filtered coffee results in very little increase in cholesterol in the consumer’s bloodstream
(Bae, 190). In addition to this health benefit, paper filters are preferable in the proposed
system since they are disposable and allow easy cleaning of the system.
Current appliances require human interaction to reset the system manually by removing used
filters and grounds after each use. A system for autonomously filtering coffee from the
4

grounds is ideal for the proposed autonomous coffee brewing system in order to provide
convenience to the user. A patent exists for a semi-autonomous filtration system that
implements a coffee filter spool (Hefty). In this patented design, the material used to filter
coffee from the grounds is like a standard paper coffee filter. The used portion of the filter is
rolled around a receiver spool. When the system is reset, a new portion of the spool is pulled
over the brew chamber. The used grounds fall from the receiver spool into a waste
receptable. Similarly, the proposed autonomous coffee brewing system would automatically
replenish the coffee filter for each brew, disposing of the used filter and grounds into an
integrated waste receptacle. As a result, the user would need to empty the filled waste
receptacle after multiple uses of the system, as opposed to after each use. The primary
limitation of the patented system is that it is intended for use in a commercial system. The
proposed system would be intended for consumer use.
1.3.5. Background Conclusion (TDM)
Current drip and single-serving coffee brewing systems have a variety of shortcomings.
Consumers want a system that is easy to use and maintain, and reliably provides coffee in
specific amounts and taste strengths. For these reasons, an analysis of the technologies which
comprise the subsystems in the proposed autonomous coffee brewing system was performed.
A water heating solution can be devised that uses similar components to a Keurig coffee
maker’s water heating and delivery system while adding thermal sensing which allows the
user to specify the precise temperature to which the water will be heated. A grinding system
will be integrated into the device and will be autonomously controlled in order to eliminate
the problem of using coffee grounds amounts and particle sizes which will not produce a
beverage with the desired taste strength. A conical burr grinder is the ideal option to ensure
consistent quality of the coffee grounds. Finally, a filtration system is needed which
eliminates reliance on the user to reset the system after individual uses. The autonomous
coffee brewing machine will replace a disposable paper filter after each brew, placing the
used grounds and filter into a waste receptacle built-in to the device. The combination of
these proposed systems will result in an autonomous coffee brewing system that is viable and
appealing to coffee consumers by providing solutions to the limitations of current drip and
single-serving appliances.
1.4. Marketing Requirements (LJG)
The marketing requirements for this project are listed below:
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1. The brewing process should not require human intervention unless
maintenance is necessary.
2. The system should utilize whole coffee beans.
3. The system should have the option of being remotely controlled via an app as
well as via built-in control on the device.
4. The system should brew coffee in user-specified portion sizes, with userspecified temperatures and brew strengths, and at user-specified times.
5. The used filter and grounds should automatically be removed from the
brewing chamber.
6. The system should be a standalone kitchen appliance.
Table 1: Marketing Requirements

From these marketing requirements, which are intended to address the needs of the user,
engineering requirements were developed in order to specify how the user’s needs would be
fulfilled through the system design. These engineering requirements, and their corresponding
marketing requirements, are listed in Section 3.
2. Engineering Analysis
2.1. Circuits (LJM, BHV)
All automated systems require a conglomeration of power and control circuits, with an
emphasis on one grouping depending on the function of the system. Since this brewing
system harnesses heat and motion in order to produce coffee, the design considerations will
focus on the power circuits for the various subsystems.
Given a standard 8-ounce cup, this system will be able to heat and brew 7.5 cups of water at
a time. Once the heating chamber is full of water, a heating element will be used to heat the
water to the desired temperature. If 60 ounces of water is heated from room temperature to
200 °F, the energy required is 495 BTU.
1 𝑙𝑏
1 𝐵𝑇𝑈
)(
) (200°𝐹 − 68°𝐹) = 495 𝐵𝑇𝑈
𝑄 = 𝑚 ∗ 𝐶𝑝 ∗ 𝛥𝑇 = (60 𝑜𝑧) (
16 𝑜𝑧 𝑙𝑏 ∗ °F

(1)

Given a 1 kW heating element, it will take a maximum of approximately 9 minutes to heat a
full 60 fl. oz carafe of water to the desired temperature.
𝑡=

495 𝐵𝑇𝑈
𝐵𝑇𝑈
[1 𝑘𝑊] [3412.142 ℎ𝑟 ]
𝑘𝑊

= 0.15 ℎ𝑜𝑢𝑟𝑠 = 8.7 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
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(2)

The power supply must provide sufficient power for the power electronics and be able to
supply a steady DC voltage for the microcontroller and sensors. The microcontrollers and
sensors will use 3.3VDC and 5VDC. For prototyping, the Explorer 16/32 Development
Board will be used, which is fed 5VDC and does not exceed a current of 500mA. The max
power draw possible for the Explorer 16/32 is 2.5W. The sensors will use a negligible
amount of power. A power supply capable of handling a continuous 5W at 5VDC is
sufficient for the microcontroller and sensors.
The power draw from the power electronics mainly comes from the water heating element
and the bean grinding motor. The average heating element for a coffee maker draws
approximately 1kW. The bean grinding motor will draw approximately 200W. The water
heating element will likely draw 120VRMS power, which is a max current of approximately
8.5ARMS.
𝐼𝑅𝑀𝑆 =

𝑃
𝑉𝑅𝑀𝑆

=

1000𝑊
= 8.5 𝐴
120𝑉

(3)

The bean grinding motor uses 120VRMS, which pulls a max current of approximately 1.7A.
𝐼=

𝑃
200𝑊
=
= 1.7 𝐴
𝑉
120𝑉

(4)

The 120VRMS power supply should be capable of handling 1kW. This power will likely be
taken directly from a wall outlet. The standard house breaker can handle 15A. Since the AC
current should not exceed 8.5A, the power from a standard wall outlet will be sufficient to
drive the water heating element. The 24VDC PSU will need to power stepper motors, water
pumps, and a fan. The stepper motors can draw up to 24 watts each, the pumps are rated for
7.2 watts, and the fan is rated for 5 watts. The max power draw on the 24VDC PSU is
approximately 120 watts.
2.2. Electronics
2.2.1. Sensors (BHV)
The design requires several types of sensors; time-of-flight (TOF) sensors, proximity sensors,
limit switches, temperature sensors, and load cell sensors. These sensors use a myriad of
communication protocols including: I2C, digital, and analog.
The time-of-flight sensors use I2C. The default address for the VL53L0X TOF sensor is
0x29, but this address can be changed when the system powers on. All other TOF sensors
will be disabled by driving their XSHUT pin low, the command 0x30 will be sent followed
by the new address, and then the process will repeat for all other TOF sensors. The TOF
sensors measure distance by sending an invisible IR pulse to a surface, then measuring the
time it takes for the pulse to return to the sensor. Since light moves at a very consistent 800
million meters per second, a precise distance measurement can be made by multiplying the
IR pulse round trip time by the speed of light and dividing by two.
7

𝑑=

𝑡∗𝑐
2

(5)

The proximity sensors operate similarly, but instead of measuring the time-of-flight, they
measure the signal strength received by the photodiode (IR receiver). When the signal
strength overcomes a set threshold, the proximity sensor drives its sensor pin LOW, signaling
that a device has moved into the proximity of the proximity sensors range. This is a simple
digital signal that requires a dedicated pin on the microcontroller.
Limit switches output a HIGH or LOW signal based on whether the switch has been thrown.
For this system, the limit switches are active LOW, meaning they are HIGH (3.3V) when the
throw has not been actuated, and LOW (0V) when the throw has been actuated. This is
accomplished by placing the limit switch in series with a resistor and sampling the junction
between the resistor and the limit switch. This is a simple digital signal that requires a
dedicated pin of the microcontroller.
The TMP102 temperature sensors utilizes I2C. There are four unique addresses available for
the TMP102 that depend on the state of one of the sensors input pins. The sensor outputs 12bit data from approximately 0xC90 (-55oC) to 0x7FF (128oC). The range of the sensor is
approximately -40oC to 125oC.
The load cell is composed of a piezoelectric sensor that outputs an analog voltage between
0V and 3.3V. 0V corresponds to no load, and 3.3V corresponds to max load (3.3 lbs). This
analog signal will be passed to the ADC on the PIC microcontroller for digitalization.
2.2.2. Onboard Control Panel (BHV)
The device’s onboard control will utilize an LCD and four pushbuttons. The LCD will have
four rows of characters to show the available selections, menus, and operations. The menus
will be navigated using three buttons; a “move up” button, a “move down” button, and a
“select menu item” button. These menus will allow the user to select their brew preferences,
and optionally, the time for the brew to occur. A fourth button will control the device’s state,
which consists of two states: on and off.
2.3. Signal Processing (BHV)
Multiple sensors will be utilized to ensure proper device operation and safety. Sensors can
use digital and analog signals to communicate with the microcontroller. A digital signal can
contain numerous bits, but several sensors require only a single bit to send an ON or OFF
signal. The sensors in this project that can utilize single bit digital signals are proximity
sensors, switches, and buttons. Sensors that can use several digital bits to transmit signals are
temperature sensors, and time-of-flight (TOF) sensors. An analog sensor outputs an analog
signal, which has a set range of values. An analog sensor that will be used is a load cell,
which measures force and outputs an analog voltage.
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2.4. Communications (LJG)
2.4.1. I2C
In this system, both asynchronous and synchronous serial communication protocols will be
utilized. The microcontroller will need to request and receive information from a multitude of
different sensors at different steps in the brewing process. In these circumstances, where data
from a particular sensor at a specific point in time is required, synchronous communication is
the optimal choice. Both the SPI and the I2C protocols are commonly used, but in this
application, I2C is the better choice for several reasons. Firstly, only two active signal wires,
Serial Clock and Serial Data, are needed to communicate to many different peripherals. SPI
requires four active signal wires: Serial Clock, Master Out Slave In, Master In Slave Out, and
Slave Select. While the first three wires can be shared among the peripherals, the master
must have a unique Slave Select output pin for each peripheral, which the hardware
physically limits. Secondly, I2C is also less susceptible to noise and verifies that sent data is
received; this protocol is known for increased data transmission accuracy (Singh). In a
system which will experience substantial vibration from motors and whose correct
functionality heavily depends on accurate sensor information, both of these qualities are
significant.
2.4.2. UART
Asynchronous communication is preferred for receiving data through wireless
communication modules. UART is a hardware communication protocol which transmits and
receives serial data; it is extremely common, especially with wireless communication
modules. Only two wires, RX (Receive) and TX (Transmit), are needed, and the data packets
can include parity bits for basic error checking. Asynchronous communication is ideal for
receiving user input, since the processor cannot know when the user will submit a brew
request and should not waste resources and time regularly checking for a user input. Instead,
the user input can trigger an interrupt to alert the processor that a brew request was submitted
and the brewing process should be executed (Kaufmann).
As part of the first iteration of implementing this design, basic UART communication
between the Explorer 16/32 microcontroller and a generic Bluetooth terminal app was
established. In order to implement UART communication, several functionalities must be
utilized. In parallel to I2C, where small delays (usually 10 microseconds) are required in
between sending commands and reading/writing data, it is wise to incorporate delays when
sending data via UART protocol. A 1 millisecond delay is utilized in-between commands to
write to the UART FIFO transmit buffer; since the transmit buffer is only 4 elements deep,
using a delay is an advisable practice to prevent any chance of buffer overrun.
Initializing UART on the Explorer 13/32 board is straightforward. The Baud Rate register is
set to 34, which corresponds to a baud rate of 114,286, an approximation of the target
standard baud rate value of 115,200 bps. (It should be noted that this is the higher end of
what microcontrollers can handle, and will likely be lowered as the design progresses since
only small amounts of data will be transmitted at any given time.) The High Baud Rate
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Enable bit was set to 1. The Idle State was set high, so the start bit would be signified
through a logic low. Each UART packet was set to contain one byte of data, a single stop bit,
and no parity (error-checking) bits. The Transmit Enable bit was set high, allowing for
character transmission on the serial data line. Finally, in preparation for the UART interrupt
which would be utilized to receive incoming data, the U2RX interrupt bit was enabled,
allowing an interrupt to be generated whenever one or more data characters arrived in the
receive buffer.
To send data, a simple UART utility function was written. This function accepted a single
character and waited until the transmit FIFO buffer had at least one open slot. When there
was space for the character, it was assigned to the FIFO transmit buffer. The Bluetooth
module receive line was connected to the U2TX pin, and thus the data was transmitted
wirelessly via Bluetooth communication to any paired, listening Bluetooth-enabled device.
The C-code implementing these functionalities, the required global variable declarations, and
the necessary library imports is shown below in Listing 1.
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#include
#include
#include
#include

"mcc_generated_files/system.h"
<stdio.h>
<stdlib.h>
<string.h>

#define RXBUFFSIZE 64
// Global variables
unsigned char rxBuff[RXBUFFSIZE]={NULL}; //Null buffer
unsigned char received[RXBUFFSIZE];
unsigned char goodStr[] = "Good";
unsigned char badStr[] = "Bad";
int dataInBuff=0;
int i=0;
/* Description: Basic ms delay
* Params: N - integer value of the number of ms the delay should last
*
Note: Max N is 1048 w/ prescale of 256
* Returns: N/A
*/
void ms_delay(int N)
{
T1CON = 0x8030;
TMR1 = 0;
while(TMR1 < (N* 62.5));
}
/* Description: Initialize UART functionality
* Params: N/A
* Returns: N/A
*/
void InitU2(void)
{
U2BRG = 34; // PIC24FJ128GA010 data sheet, 17.1 for calculation, Fcy= 16MHz.
U2MODE = 0x8008; // BRGH = 1, Idle state = 1, 8 data, No parity, 1 Stop bit
U2STA = 0x0400; // See data sheet, pg. 150, Transmit Enable
_U2RXIE = 1;
// Enable U2RX INTERRUPT.
}
/* Description: Place character into UART transmit FIFO
* Params: c - single char value to be sent.
* Returns: N/A
*/
char putU2(char c)
{
while (U2STAbits.UTXBF); // Wait if transmit buffer full.
U2TXREG = c; // Write value to transmit FIFO
return c;
}

Listing 1: Delay, UART Initialization, and UART Character Write Function.

The UART receive interrupt is simple but essential, allowing for asynchronous input
reception. Firstly, the interrupt flag is cleared, then the data in the receive FIFO buffer is
transferred to a global 64-character response array. If more than 64 characters were
transmitted, the data will overwrite the existing data stored in the response buffer. It should
be mentioned that a response buffer length was chosen arbitrarily for this first iteration of
development; the length will need to be substantially greater in order to store the JSON
object containing the user’s brew specifications which will eventually be sent from the
Android app. Once all the data has been read from the receive FIFO, the data flag global
variable will be set, signifying that there is data stored in the response array.
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The full interrupt code is shown below in Listing 2.
void _ISR _U2RXInterrupt(void)
{
_U2RXIF = 0;
// Clear UART interrupt
while (U2STAbits.URXDA)
{
rxBuff[i] = U2RXREG;
// Read from receive FIFO
i++; // increment response buffer index
if(i==64)
{
i=0; // Data over 64 bytes will overwrite existing data
}
}
dataInBuff = 1; // Signifies that there is data in the receive buffer
}

Listing 2: UART Receive Interrupt

In order to demonstrate Bluetooth communication between a generic Android Bluetooth terminal
app and the Explorer 16/32 was fully operational and data parsing, a short program was written
which sent data over Bluetooth, received input over Bluetooth, and returned a response based on
the value of the input. This the rudimentary behavior of the program which will handle user input
from the Android app in the final design; the user’s brew specifications must be received and
parsed, and the Explorer 16/32 must be able to send data back to the user’s mobile device in
order to provide alerts and notifications about the brewing process.
After performing a preliminary clear of the UART receive interrupt, initializing variables and
calling the UART initialization function, the main while loop begins. Two main millisecond
delays cause the loop to repeat every 0.7 seconds; a 0.2 second delay is executed before the
contents of the loop are run, and a 0.5 second delay is executed after a simple message and
incrementing count value stored in the send string array and transmitted character by character.
Then, if the data flag is set, the response string array is parsed to determine what was received;
unwanted ‘junk’ characters are ignored when the received characters are copied into a string
array. The appropriate response is sent back to the Bluetooth terminal app based on whether
‘good’ data, ‘bad’ data, or ‘unknown’ data was received. After the data is processed, the send
string array is cleared, the received array is cleared, the global index variable used by the
interrupt to put characters from the UART receive FIFO into a response buffer is reset, and the
data flag is reset.
The code which implements this functionality is shown below in Listing 3.
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int main(void)
{
// Initialize the device
SYSTEM_Initialize();
_U2RXIF = 0;

// Clear UART interrupt as setup

int count = 0;
int k;
char txBuff[RXBUFFSIZE];

// Initializing count value (used for testing purposes)
// Index to print test count values
// Send buffer

InitU2();

// Initializing the UART

while (1)
{
ms_delay(200);
count++;
sprintf(txBuff, "Count = %d", count);

// Brief delay of 0.2 seconds
// Incrementing count each time while-loop repeats
// Placing string & count value into send buffer

for(k = 0; txBuff[k] != 0; k++)
{
putU2(txBuff[k]);
// Send contents of send buffer to UART transmit register
}
memset(txBuff, 0, sizeof(txBuff));

// Clearing the send buffer with 0s

putU2(0x0D);
ms_delay(1);
putU2(0x0A);

// Carriage return address
// 2ms delay between U2 commands
// Line feed address

ms_delay(500);

// 0.5 second delay

if(dataInBuff)
{
// Process any received data
int rxIndex = 0;
int resIndex = 0;
while(rxBuff[rxIndex] != NULL)
{
// Ensures a clean string is saved as the sent data
if(rxBuff[rxIndex] != '\n' && rxBuff[rxIndex] != '\t' && rxBuff[rxIndex] != '\r' &&
rxBuff[rxIndex] != '\0')
{
// Store received character into string array
received[resIndex] = rxBuff[rxIndex];
resIndex++;
}
rxBuff[rxIndex] = NULL; // Clear received buffer with NULLs
rxIndex++;
}
// Determine what he sent data consists of;
// strcmp returns 0 if the two strings are equal
if(!strcmp(received, goodStr))
{
// Puts "Good" response into the send buffer
sprintf(txBuff, "Beginning brew process\n");
}
else if(!strcmp(received, badStr))
{
// Puts "Bad" response into the send buffer
sprintf(txBuff, "Error\n");
}
else
{
// Puts "Unknown" response into the send buffer
sprintf(txBuff, "This is the sent data: %s \n", received);
}
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// Sending the contents
int j;
for(j = 0; txBuff[j] !=
{
putU2(txBuff[j]);
ms_delay(1);
}

of the send buffer
0; j++)
//sending buffer contents with the for loop
// 2ms delay between U2 commands

memset(txBuff, 0, sizeof(txBuff)); // Clear the send buffer with 0s
memset(received, NULL, sizeof(received)); // Clear the received array with NULLs
i = 0; // Reset the interrupt rxBuff index
dataInBuff = 0; // Reset the data flag
}
}
return 1;
}

Listing 3: Main Routine which Transmits Data Based on Processed Input

2.5. Electromechanics
2.5.1. Coffee Bean Grinder (LJM)
In order to produce fresh coffee grounds, a set of conical burrs will grind a calculated amount
of grounds and will be driven by an AC motor. This motor will need to provide enough
torque to start the grinder with the possibility of multiple coffee beans jamming the burrs,
estimated to be at least 2.0 Nm. A 200 W AC motor will provide around 2 Nm of torque at
1000 RPM, provided that there are no losses in the gear box.
200 = 𝑇 (105

𝑟𝑎𝑑
)
𝑠

𝑇 = 1.9 𝑁𝑚

(6)
(7)

This size of motor is on par with motors used in common coffee grinders available on the
market. The AC motor grinding assembly was sourced from a coffee grinder, and paired with
an integrated gearbox, will provide the necessary torque to grind coffee beans. The motor
will be switched on and off with a relay, as the exact speed does not matter when grinding
coffee beans and therefore does not need to be controlled.
2.5.2. Linear Motion (LJG)
Two subsystems in this brewing system require linear motion to complete their task; the filter
dispensing mechanism and the brewing chamber/waste disposal system. In order to dispense
a filter that has been separated, the filter sucking mechanism must be transferred from the
filter silo to the brewing chamber, where the filter can then be placed in the brewing chamber
basket. In a similar case, when the brewing cycle is completed, the brewing chamber basket
must be moved from its position over the coffee dispensing location to a position above the
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waste receptacle. Once the move is complete, the used paper filter and coffee grounds will be
dumped out, and the basket will be returned to its original position.
The best way to achieve this motion is to utilize linear actuators similar to those used in SLA
3D printers. This type of linear actuator is implemented using a lead screw driven by a
stepper motor. The microcontroller will interface with stepper drives to control the direction
and steps of the motors’ operation. Since stepper motors typically do not have built-in
encoders, limit switches will be used to determine when the stepper motor must stop rotating;
that is, when the apparatus attached to the linear actuator has reached its end position.
2.6. Computer Networks (LJG)
In order to communicate with a remote user interface, a wireless communication module will
be necessary. In terms of implementing wireless technology, the most straightforward is
Bluetooth. The vast majority of mobile devices are equipped with Bluetooth 4.0+ (also
known as Bluetooth Low Energy); this is a version of Bluetooth which consumes a very low
amount of power, making it ideal for use in smartphones and tablets (Woodford).
Specifically, Bluetooth Low Energy uses a maximum power of 2.5mW, which is considered
Class 2 in the Bluetooth power classification. The range of a Bluetooth connection is highly
variable, (the shortest range can be less than a meter and the longest range can be over a
kilometer), and depends on numerous factors, such as the utilized physical layer, receiver
sensitivity, transmit power, antenna gain, and path loss (“Understanding Bluetooth Range”).
However, as a general rule, Bluetooth in mobile devices operates in the Class 2 power range,
which affords a maximum connection distance of 10 meters. With regard to this brewing
system, 10 meters is a suitable range for home use, as the average user can connect with the
system from most points inside their living space. Given that this technology does not require
the user to enter authentication information into the brewing system before a remote
connection could be utilized (as Wi-Fi would require), Bluetooth is the ideal networking
solution for an efficient and enjoyable user experience.
2.7. Embedded Systems (LJG)
Given that this system must interface with a wireless communication module, an LCD screen
and panel-mounted pushbuttons, as well as an assortment of sensors, motors, and heating
elements, a versatile microcontroller which can control multiple external devices is needed
for rapid prototyping. One such microcontroller is Microchip’s Explorer 16/32 Development
Board. Equipped with a 100-pin processor Plug-In Module (PIM) which supports 16-bit and
32-bit MCU families, 100 I/O pin access headers, a DC power supply input jack which
accepts 8-15 V DC, and the ability to be programmed in C through the MPLAB® Integrated
Development Environment, this microcontroller is an obvious choice for development work
(“Explorer 16/32 Development Board User's Guide”). In addition, this board is also heavilyladen with other hardware such as a 2-Line by 16-Character LCD Module, an analog output
temperature sensor, and a 10 kΩ Potentiometer. While these features are superfluous for this
application, the highly-capable Explorer 16/32 board will allow for flexibility during the
designing and testing process for this project’s subsystems. The particular processor which
will be used in this application is a member of the 16-bit PIC24 family; specifically, the
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PIC24FJ128GA010. Once the subsystems are at a state where they can be integrated into the
final system, a custom microcontroller board using a PIC24 MCU might be designed which
is only equipped with the hardware necessary for this brewing system.
2.8. Controls
2.8.1. Water Portion Calculation (LJM, LJG)
A water pump will be used to fill the heating chamber with up to 60 ounces of water from the
water reservoir which can be used to produce coffee. A common coffee maker water pump
flow rate is 2 L/min, which means 2 liters of water pumped per minute. Assuming a water
pump with this specification will be utilized, the time required to transfer an ounce of water
from the water reservoir to the heating chamber is calculated as:
(1 𝑜𝑧) [
𝑉=

1
𝐿
33.814 𝑓𝑙. 𝑜𝑧]
= 0.015 min = 0.9 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
𝐿
2 𝑚𝑖𝑛

(8)

Thus, to heat the correct amount of water, the number of ounces in the portion size the user
selects can be multiplied by the time it takes to transfer a single ounce of water from the
reservoir to the hot water chamber. The water pump will then be activated for that calculated
amount of time. For instance, a 12 oz portion size would require the pump to run for 10.8
seconds, and a 60 oz portion size would require the pump to run for 54 seconds.
2.8.2. Coffee Grounds Portion Calculation (LJM)
To produce the correct amount of coffee grounds for a given brewing cycle, the grinder will
run for a calculated amount of time. According to the SCA, the golden cup of coffee is
brewed from 0.055 grams of coffee grounds for every milliliter of water. The equation below
can then be used to calculate the length of time needed to run the grinder given a desired
volume of coffee, where V is the volume of coffee beans required to make a beverage
according to the user-selected specifications, and c is the rate of coffee grounds produced by
the burr grinder in seconds per gram. This is a measurement which will be determined
through initial testing of the subsystem, as it will be dependent on the rotational speed and
gearing of the grinder motor.
g
𝑡 = (0.055 ) ∗ 𝑉 ∗ 𝑐
L

(9)

2.8.3. Timer Behavior (LJG)
Actions such as bean grinding and water pumping will be controlled by timer interrupts. The
PIC24FJ128GA010 microcontroller contains five 16-bit timers (TMR1 through TMR5) and
allots four prescale values (1, 8, 64, and 256) for lengthening or shortening the time
measurements (“PIC24FJ128GA010 Family”). The primary oscillator operates at a frequency
of 8 MHz. When multiplied by the Phase Lock Loop frequency multiplier, a processor clock
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source frequency (FOSC) of 32 MHz is generated. Then, the processor clock source frequency
is divided by two to produce the internal instruction cycle clock frequency (FCY) of 16 MHz,
which means that the internal instruction cycle clock period (TCY) is 62.5 ns. Thus, to get the
value a timer register needs to store in order for a specified amount of time to passed, the
following equation must be used:
𝑇𝑀𝑅𝑥 =

𝜏𝐷𝑒𝑙𝑎𝑦
62.5 𝑛𝑠 ∗ 𝑃𝑟𝑒𝑠𝑐𝑎𝑙𝑒 𝑉𝑎𝑙𝑢𝑒

(10)

Since a 16-bit timer can count up to the value of 216 – 1, which equals 65,535, and the largest
prescale value is 256, the longest amount of time a timer can count up to without its register
rolling over is
(11)
𝜏𝐷𝑒𝑙𝑎𝑦 = 65,535 ∗ 62.5 𝑛𝑠 ∗ 256 ≈ 1.05 𝑠
As a result, an interrupt service routine which counts the number of times the TMRx register
rolls over and calculates the elapsed time using that value will be needed to control the timebased calculations.
3. Engineering Requirements Specification (LJG)
To ensure the system design fulfills the user needs outlined in the Marketing Requirements,
eight Engineering Requirements were derived. Along with their corresponding Marketing
Requirements and a brief justification, they are listed below.
Mrkt.
Req.

1, 2, 4

Engineering Requirement
The bean hopper will have a minimum
volume which can hold the contents of a
standard 16 oz bag of whole coffee beans.
The water reservoir will have a minimum
volume of 60 fl. oz. The filter silo will hold
a minimum number of 7 filters.

4

The water heating chamber will heat the
water it contains to a temperature specified
by the user’s input. The minimum allowable
range will be [86, 96] ± 2 °C.

3, 4

The system will receive the brew
specifications, (such as the brew amount,
brew strength, brew temperature, and the
time the process should begin), from the

17

Justification

This requirement will allow the
system to brew multiple single
servings of various portion sizes
without user intervention, or brew a
standard 60 fl. oz full pot of coffee.
This range includes lower brewing
temperatures, which are
recommended for dark roast beans
or milder beverages, and higher
brewing temperatures, which are
recommended for light roast beans
or more flavorful beverages.
The remote user interface will
allow the user to determine how
their coffee is brewed. If there is
any reason why the user cannot use
the remote UI, the built-in user
interface will allow the user to
enter their brew specifications.

1, 4

user via one of two methods: a remote user
interface or a built-in user interface.
The upper limit of the range of the wireless
connection between the system and the
user’s mobile device in an area without
obstacles will be at least 30 feet.
The system must operate using power from a
standard AC wall outlet providing 120
VRMS, 60 Hz electrical power.
The system will monitor the amount of
water in the water reservoir. The system will
notify the user if this element must be
replenished and will not begin the brewing
process until it detects an amount of water
sufficient to complete the process.

4

The system will produce an amount of
coffee which is within ± 1 fl. oz. of the
portion size specified by the user input.

1, 2, 4

The system will monitor the amount of
coffee beans in the bean hopper. The system
will notify the user if this element must be
replenished and will not begin the brewing
process until it detects an amount of coffee
beans sufficient to complete the process.

3

6

1, 4

1, 4, 5

The system will monitor the existence of
filters in the filter silo. The system will
notify the user if this element must be
replenished and will not begin the brewing
process until it detects at least one filter.
The system will monitor the waste disposal
container and notify the user when it needs
to be emptied. The system will not begin the
brewing process until it detects that the
waste disposal container can accommodate
an additional iteration of waste without
overflow.

Mobile devices utilize Class 2
Bluetooth, which has a known
range of 10 meters (approximately
33 feet).
The system should be able to use
wall outlets as all standard kitchen
appliances do.
This will allow the system to brew
specific portion sizes of coffee, and
also guarantees that any brewing
process which is begun will not
require the user to intervene in
order to complete the process.
Due to the water absorbing
behavior of coffee beans and nonmechanical transportation of the
water from the reservoir to the
heating chamber, some slight
portion size variation is expected.
This will allow the system to brew
specific portion sizes and strengths
of coffee using whole beans, and
also guarantees that any brewing
process which is begun will not
require the user to intervene in
order to complete the process.
This will guarantee that any
brewing process which is begun
will not require the user to
intervene in order to complete the
process.

This will guarantee that any
brewing process which is begun
will not require the user to
intervene in order to complete the
process.

Table 2: Engineering Requirements with the Corresponding Marketing Requirements

4. Engineering Standards Specification (LJG)
In the Table 3 below, the Engineering Standards which apply to this project and how they
will be utilized are listed.
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Standard
UL 1082 (Household Electric
Coffee Makers and BrewingType Appliances)
Bluetooth

Safety

Communication

Data Formats

ISO 8601
JSON

Design Methods
Programming Languages

N/A
C
C++
Java

Connector Standards

IEC 603020

Use
Identify and eliminate risks of
fire and electric shock from
brewing system.
Wireless communication
between remote user interface
and brewing system.
Utilizing date and time
related data as decision
inputs.
Storing brew requests
containing userspecifications.
N/A
Microcontroller programming
Remote user interface
development
Specifies the appropriate
power supply cords for an
appliance requiring up to 250
V and 16 A.

Table 3: Engineering Standards Specification

5. Accepted Technical Design
5.1. Hardware Design
5.1.1. Level 0 Hardware Block Diagram: (BHV)
The Level 0 Hardware Block Diagram, shown in Figure 1, exhibits the five system inputs
and the two system outputs. The system will intake water, whole coffee beans, filters,
electrical power, and control. The system will output fresh hot coffee, which is the desired
output, as well as used grounds and filters, which are a byproduct of the process.
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Figure 1: Level 0 Hardware Block Diagram

Table 4 shows the functional requirements of the block in the Level 0 Block Diagram.
Module
Inputs

Autonomous Coffee Brewing System
Water
Whole Coffee Beans
Coffee Filters
Electrical Power
Control
Fresh Hot Coffee
Used Grounds and Filters
Processes water and whole coffee beans
into freshly brewed coffee autonomously.

Outputs
Functionality

Table 4: Level 0 Hardware Functional Requirements

5.1.2. Level 1 Hardware Block Diagram (BHV)
The Level 1 Hardware Block Diagram, shown in Figure 2, shows how all the inputs are
processed before the brewing system, as well as how the brewing process handles the used
grounds and filter byproduct. The water is converted to hot water. The coffee beans are
converted to fresh coffee grounds. A single filter is taken from a stack of filters for the
brewing process. The brewing system uses the hot water, coffee grounds, and filter to make
freshly brewed coffee, and disposes of the used grounds and filter. All these processes are
aided by power and control from a microcontroller.
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Figure 2: Level 1 Hardware Block Diagram

Table 5 shows the functional requirements for the Level 1 Hardware Block Diagram.
Module
Inputs

Micro Controller
Brew instructions from user
Power
Control signals to each subsystem
Receives brew specifications from the
user and controls the systems to produce
the desired output
Benjamin Vitu
PSU
120Vrms AC power
Regulated DC and/or AC power
Provides regulated power to each
subsystem
Benjamin Vitu
Water Heating System
Water
Power
Control
Hot water
Heats water to user-specified
temperature

Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs

Outputs
Functionality
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Designer
Module
Inputs
Outputs
Functionality

Benjamin Vitu
Bean Grinding System
Coffee beans
Fresh coffee grounds
Grinds whole coffee beans into fresh
coffee grounds
Landon Miller
Coffee filter dispensing system
Stacked coffee filters
Power
Control
Single coffee filter
Dispenses a single coffee filter at a time
and transports the filter to the brewing
chamber
Benjamin Vitu
Brewing System
Hot water
Fresh coffee grounds
A single coffee filter
Power
Control
Freshly brewed coffee
Used filters and coffee grounds
Processes hot water and coffee grounds
into freshly brewed coffee and disposes of
the waste autonomously
Landon Miller

Designer
Module
Inputs

Outputs
Functionality

Designer
Module
Inputs

Outputs
Functionality

Designer

Table 5: Level 1 Hardware Functional Requirements

5.1.3. Level 2 Hardware Block Diagrams (BHV)
Figure 3 shows the circuit schematic for the PIC24 microcontroller. The RN4870 (U5) will
be used for wireless Bluetooth communication using UART. The RN4870 requires 3.3V and
connects to pins 49 and 50 of the PIC24 microcontroller, which are the UART pins. Pins 56
and 57 are the I2C pins, which are used for the TOF sensors and the temperature sensor.
Several pins of the PIC24 (U4) require 3.3V and GND to power the chip. All other pins are
used to drive outputs or receive inputs.
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Figure 3: Microcontroller and Bluetooth Schematic

Figure 4 shows the Power Supply System Level 2 Block Diagram. A standard 120VRMS AC
power source will be fed into a power supply unit (PSU) to regulate and output power to
several systems. The microcontroller and most sensors will need a 3.3-5V supply, while the
power electronics will need 24V rails to operate. The bean grinder and heating element will
be powered by the 120VAC source.
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Figure 4: Power Supply Level 2 Hardware Block Diagram

Table 6 shows the functional requirements for the Power Supply Level 2 Block Diagram.
Module
Inputs
Outputs

PSU
120VRMS AC power
3.3VDC
5VDC
24VDC
120VAC
Regulates AC power to several levels of
DC power and passes through 120VAC
Benjamin Vitu

Functionality
Designer

Table 6: Power Supply Level 2 Hardware Functional Requirements

Figure 5 shows the power supply schematic. Connector J24 supplies the 5V regulator with
24VDC from the PSU. Connector J25 supplies the 120VAC from the wall. The 120VAC
portion of the board will be isolated from the DC portion of the board, and will only be used
to power the AC motor and heating element through relays. The 5V linear regulator (U2)
takes the 24VDC input from the PSU. The 5V regulator has a max current output of 300mA.
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The 3.3V linear regulator (U3) takes 5V as an input from the 5V regulator. The max current
output of the 3.3V regulator is 250mA.

Figure 5: Power Regulation Schematic

Figure 6 shows the Water Heating System Level 2 Block Diagram. The system intakes water
as its primary input. The water is held in the water reservoir. The water reservoir is
monitored by a TOF sensor to ensure enough water is available for future brews. A water
pump is used to transport water from the water reservoir to the individual brew water
reservoir. The water pump is driven by an NPN BJT. This water is gravity fed into the
heating element. The heating element is powered by a 120VAC connected by a relay. The
hot water is pumped by the heating element into the hot water reservoir. The hot water
temperature is monitored by a temperature sensor to ensure the water is heated to the userspecified temperature. The water is transported to the brewing chamber through a hot water
pump. The hot water pump is also driven by an NPN BJT.
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Figure 6: Water System Level 2 Hardware Block Diagram

Table 7 shows the functional requirements for the Water Heating System Level 2 Block
Diagram.
Module
Inputs
Outputs
Functionality
Designer
Module

Water Reservoir
Water
Water
Holds water for several brew cycles
Benjamin Vitu
TOF Water Level Sensor (Water
Reservoir)
Water level
Sensor data (to microcontroller)
Monitors water level to ensure enough
water is available for the next brew
Benjamin Vitu
Water Pump
Water
Power
Control
Water
Moves water from the water reservoir to
the heating chamber
Benjamin Vitu
Individual Brew Water Reservoir
Water
Water
Holds water which is gravity fed to the
heating element
Benjamin Vitu
TOF Water Level Sensor (Individual
Brew Water Reservoir)
Water level

Inputs
Outputs
Functionality
Designer
Module
Inputs

Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
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Outputs
Functionality

Sensor Data (to microcontroller)
Monitors water level to ensure enough
water is in the reservoir to be fed to the
heating element for the next brew
Benjamin Vitu
Heating Element
Water
Electrical energy
Hot water
Heats water for the next brewing cycle
Benjamin Vitu
Hot Water Reservoir
Hot Water
Hot Water
Holds hot water and allows the hot water
to cool until it reaches the proper
temperature
Benjamin Vitu
Water Temperature Sensor
Thermal energy
Sensor data (to microcontroller)
Monitors water temperature to ensure
the user-specified brewing temperature is
achieved
Benjamin Vitu
Hot Water Pump
Hot water
Hot water
Controls water flow to the brewing
chamber
Benjamin Vitu

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer

Table 7: Water Heating System Level 2 Hardware Functional Requirements

Figure 7 shows the water heating system schematic. Two water pumps are required for this
system: one for moving water from the large water reservoir to the individual brew water
reservoir, and one for moving the hot water to the brewing chamber. Both water pumps are
controlled and driven by TIP31C BJTs. The base of the BJTs are driven by a PIC24 pin, and
have pulldown resistors to ensure the pumps turn off when the PIC24 pins are low. A flyback
diode is used to ensure voltage spikes and abrupt changes in current do not damage the water
pump, the BJT, or the PIC24. The water pumps are connected by connectors J11 and J15.
Two TOF sensors are used to measure the remaining water in the large water reservoir and to
measure the water in the individual brew water reservoir. This ensures the used is notified
when the water reservoir runs out of water, and that the proper amount of water is used for
each specified brew. The TOF sensors are connected with connectors J12 and J13. The
heating element is connected to J14. The heating element is connected to 120VAC by a relay
(K2), which is controlled by a PIC24 pin. The current required to energize the relay coil is
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controlled by the NPN BJT (Q3) which is controlled by the PIC24 pin. A flyback diode is
used to ensure the relay coil, the BJT, and the PIC24 are not damaged by a voltage spike or
an abrupt change in the current. The TMP102 (U1) is used to measure the temperature of the
hot water reservoir. Its I2C lines have two pullup resistors to ensure proper operation.

Figure 7: Water Heating System Schematic

Figure 8 shows the Bean Grinding System Level 2 Block Diagram. The system intakes whole
coffee beans and stores them in a hopper. The bean hopper feeds into the bean grinder. The
bean grinder is driven by an AC motor and controlled by a relay. The bean grinder outputs
coffee grounds which are funneled into the brewing chamber. The level of coffee beans in the
hopper is monitored by a TOF distance sensor.
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Figure 8: Bean Grinding System Level 2 Hardware Block Diagram

Table 8 shows the functional requirements for the Bean Grinding System Level 2 Block
Diagram.
Module
Inputs
Outputs
Functionality

Coffee Bean Hopper
Whole coffee beans
Whole coffee beans
Holds beans until the beans need ground
for a brewing cycle
Landon Miller
TOF Level Sensor
Distance
Sensor data (to microcontroller)
Senses the quantity of coffee beans
remaining in the coffee bean hopper
Landon Miller
Conical Burr Grinder
Whole coffee beans
Coffee grounds
Grinds the whole coffee beans freshly for
the next brewing cycle
Landon Miller
AC Motor (Conical Burr Grinder)
Power
Control
Mechanical energy
Drives the conical burr grinder to grind
the coffee beans into grounds
Landon Miller

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
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Module
Inputs
Outputs
Functionality

Funnel
Coffee grounds
Coffee grounds
Funnels the coffee grounds into the coffee
brewing chamber
Landon Miller

Designer

Table 8: Bean Grinding System Level 2 Hardware Functional Requirements

Figure 9 shows the coffee bean grinding system schematic. A relay (K1) is used to control the
120V AC grinding motor connected to J10. The relay is actuated using a digital 3.3V signal
produced by pin 38 of the PIC24 microcontroller. A TOF distance sensor is connected via I2C to
microcontroller through connector J9 and powered with 5V. This TOF sensor is used to monitor
the level of beans in the bean hopper.

Figure 9: Bean Grinding System Schematic

Figure 10 shows the Filter Dispensing System Level 2 Block Diagram. The system intakes a
stack of filters and dispenses a single filter to the brewing chamber. The filter silo receives
the stack of filters and holds them until a brewing cycle begins. The filter proximity sensor
ensures that at least a single filter is still in the filter silo. Two stepper motors move the filter
stack up and down. A limit switch and a proximity sensor are used to set the limits of the
filter silo axis. A fan, driven by an NPN BJT, sucks a single filter from the stack of filters.
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This fan has its own stepper motor and lead screws to move it from the filter silo to the
brewing basket. This fan axis has two limit switches to set the limits of movement.

Figure 10: Filter Dispensing System Level 2 Hardware Block Diagram

Table 9 shows the functional requirements for the filter dispensing system level 2 block
diagram.
Module
Inputs
Outputs
Functionality

Filter Silo
Stack of filters
Filters
Holds stack of filters until a brewing
cycle starts
Benjamin Vitu
Filter Stack Proximity Sensor
Filters
Sensor data (to microcontroller)
Senses whether a filter is present for the
next brewing cycle
Benjamin Vitu

Designer
Module
Inputs
Outputs
Functionality
Designer
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Module

Lead Screw Linear Translator (Filter
Silo)
Mechanical energy
Linear translation
Moves the filter stack up and down
Benjamin Vitu
Axis Proximity Sensor and Limit Switch
Displacement/Proximity
Sensor data (to microcontroller)
Senses when the filter silo has reached
the proper height or the bottom of the
linear translator axis
Benjamin Vitu
Stepper Motors (Filter Silo)
Electrical energy
Mechanical energy
Rotates the lead screws to move the filter
stack up and down
Benjamin Vitu
Stepper Motor Drivers (Filter Silo)
Control
Power
Electrical energy
Provides power and control to the
stepper motors
Benjamin Vitu
Suction Funnel
Filters
Suction
Filters
Focusses the suction provided by the fan
to hold a filter in place until the device is
moved over the brewing chamber
Benjamin Vitu
Single Filter Proximity Sensor
Distance
Sensor Data (to the microcontroller)
Senses whether a filter is in proximity of
the suction funnel
Benjamin Vitu
Fan
Electrical Energy
Suction through mechanical energy

Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
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Functionality

Provides suction to hold a filter to the
suction funnel until the device is over the
brewing chamber
Benjamin Vitu
Lead Screw Translator (to Brewing
Chamber)
Mechanical energy
Linear translation
Moves the suction funnel, fan, and single
filter to the brewing chamber
Benjamin Vitu
Axis Limit Switches
Displacement/Proximity
Sensor data (to microcontroller)
Senses when the fan assembly is above
the filter silo or above the brewing basket
Benjamin Vitu
Stepper Motor (to Brewing Chamber)
Electrical energy
Mechanical energy
Rotates the lead screw to move the
suction funnel, fan, and filter to the
brewing chamber
Benjamin Vitu
Stepper Motor Driver (to Brewing
Chamber)
Power
Control
Electrical energy
Provides power and control to the
stepper motor
Benjamin Vitu

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer

Table 9: Filter Dispensing System Level 2 Hardware Functional Requirements

The filter dispensing system schematic is pictured below in Figure 11. Three A4988 stepper
motor drivers (A1, A2, and A3) are used to drive three Nema 17 stepper motors connected to
headers J1, J2, and J3. The stepper motor drivers are connected to 3.3V and the stepper
motors are connected to the 24V power rail. The stepper motor drivers are controlled with
three inputs, the !ENABLE, STEP, and DIR pins. The stepper motor driver can be turned on
by using the microcontroller to pull the !ENABLE pin low. A pulse with a width of at least
1us is sent to the STEP pin of the A4988 in order to drive the stepper motor one step
clockwise or counterclockwise, which is controlled by a digital high or low signal sent to the
DIR pin. Both inputs pins are connected to 10kΩ pulldown resistors in order to avoid
unintended movement from floating input pins. While the A4988 is capable of micro
stepping as determined by the digital signals at inputs M1, M2, and M3, this feature is not
used. Three limit switches are connected to the microcontroller via connectors J4, J5, and J8
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with 10kΩ pullup resistors and read by the PIC24 microcontroller to determine the limits of
the filter silo and fan axes. A proximity sensor used to detect the position of the filter silo
stepper motors is connected to pin 81 of the PIC24 with a 10k pullup resister. A second
proximity sensor used to detect the presence of filters in the filter silo is connected to pin 84
of the PIC24 with a 10k pullup resistor. The fan controller is connected to pin 58 of the
microcontroller, which uses a TIP31 NPN BJT to switch on and off the 24V fan, which is in
series with the flyback diode D1.

Figure 11: Filter Dispensing System Schematic

Figure 12 shows the level 2 block diagram for the brewing system. The brewing basket
intakes a filter, coffee grounds, and hot water. A proximity sensor ensures a filter is in the
brewing basket before the grounds and hot water are dumped into the basket. The brewing
basket outputs hot coffee to the coffee pot. A load cell sensor ensures the coffee pot is empty
before a new brew is poured into the coffee pot. A proximity sensor ensures a receptacle is
under the brewing basket to receive the hot coffee. After the hot coffee is dispensed to the
coffee pot, the basket translator is driven by a stepper motor to dump the used grounds into
the waste receptacle. Two limit switches detect when the brewing basket is over the coffee
pot or the waste receptacle. A TOF sensor ensures the waste receptacle does not overflow.
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Figure 12: Brewing System Level 2 Hardware Block Diagram

Table 10 shows the functional requirements for the Brewing System Level 2 Block Diagram.
Module
Inputs

Brewing Basket
Single filter
Coffee grounds
Hot water
Fresh hot coffee
Combines all necessary ingredients for
brewing coffee and drips the brewed
coffee into the coffee pot
Landon Miller
Filter Proximity Sensor
Filter
Sensor data (to microcontroller)
Senses whether a filter is present before
adding grounds and hot water
Landon Miller
Lead Screw Linear Translator
Brewing basket
Used filters

Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
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Used grounds
Mechanical energy
Used grounds
Used filters
Moves the brewing basket to the waste
receptacle and dumps the used grounds
and filters into the waste receptacle
Landon Miller
Axis Limit Switches
Displacement/Proximity
Sensor data (to microcontroller)
Senses when the brewing basket is above
the coffee pot or above the waste
receptacle
Landon Miller
Stepper Motors
Electrical energy
Mechanical energy
Provides rotational mechanical energy to
move the brewing basket to the waste
receptacle
Landon Miller
Stepper Motor Controllers
Power
Control
Electrical energy
Drives the stepper motors
Landon Miller
Waste Receptacle
Used grounds and filters
N/A
Receives and holds the grounds and filter
byproduct after the brewing cycles
Landon Miller
Time of Flight Sensor
Level of waste (distance)
Sensor data (to microcontroller)
Measures the amount of waste in the
waste receptacle
Landon Miller
Coffee Pot
Fresh hot coffee
N/A
Holds coffee after each brewing cycle
Landon Miller

Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality
Designer
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Module
Inputs
Outputs
Functionality

Load Cell
Weight data
Sensor data (to microcontroller)
Ensures the coffee pot has enough
remaining volume to hold the next brew
Landon Miller
Coffee Pot Proximity Sensor
Power
Control
Sensor data (to Microcontroller)
Senses whether a device is underneath
the brewing basket to receive the hot
coffee
Landon Miller

Designer
Module
Inputs
Outputs
Functionality

Designer

Table 10: Brewing System Level 2 Hardware Functional Requirements

Figure 13 shows the brewing system schematic. As discussed previously, two A4988 stepper
motor drivers (A4 and A5) are employed to drive two stepper motors, one of which is used to
move the brewing chamber over to the waste receptacle and another that dumps the expired filter
and grounds into the waste container. The position of the brewing chamber is monitored by two
limit switches connected through headers J20 and J23 to pins 96 and 97 of the PIC24. A
proximity sensor is connected via J16 to pin 90 of the microcontroller to monitor the presence of
a filter in the brewing basket, while another proximity sensor connected to J21 checks for the
presence of a coffee pot. A VL53L0X TOF sensor is connected via J19 to pins 56 and 57 of the
microcontroller and communicates with I2C. The VL53L0X is used to determine the level of
used filters and coffee grounds in the waste receptacle. Finally, the weight of the coffee pot will
be measured by a load cell connected to header J22, the output voltage of which is monitored by
the ADC of PIC24.
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Figure 13: Brewing System Schematic

5.2. Software Design
5.2.1. Level 0 Software Flowchart (TDM, LJG)
The Level 0 Software Flowchart, seen in Figure 14, displays the logic which will be executed
on the system’s microcontroller as five main sections. The first section, Input Sensing, takes
asynchronous and serial input from the system’s wireless network or local interface. This
information consists of the user’s brew specifications. The second section is Material
Management Sensing, which accepts sensor data communicated serially as an input in order
to determine if there is enough of each element to meet the user’s brew specifications. The
third section, Safety Sensing, also takes sensor data communicated serially as an input in
order to ensure the system will not output coffee unless there is a beverage receptacle to
receive it. The fourth section, Brewing, takes sensor data communicated serially as an input
to produce a brewed serving of coffee, remove the waste from the process, and reset the
system.
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Figure 14: Level 0 Software Flowchart

Table 11 details the functional requirements of the blocks in the Level 0 Software Flowchart.
Module
Inputs

Input Sensing
Network Input
Local Input
N/A
Accepts requests for brews from the
remote application or the local interface.
Material Management Sensing
Sensor Data
N/A
Determines whether the system has the
materials to complete the process
according to user specifications.
Safety Sensing
Sensor Data
N/A
Determines if it is safe to run the process
and maintains standby water
temperature.
Brewing
Sensor Data
N/A
Controls the brewing, waste disposal, and
system reset process.

Outputs
Functionality
Module
Inputs
Outputs
Functionality

Module
Inputs
Outputs
Functionality

Module
Inputs
Outputs
Functionality

Table 11: Level 0 Software Functional Requirements

5.2.2. Level 1 Software Flowchart (TDM, LJG)
The following figures add additional detail to the software flowchart, expanding each section
into the high-level actions that are performed. Each figure is followed by its corresponding
Functional Requirement table. It should be noted that in the Functional Requirement tables,
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each Module is composed of one to several blocks of various types, such as action, decision,
data, and display. This method of organization was done for ease of explanation and clarity.
The Input Sensing Level 1 Software Flowchart is shown below in Figure 15. The software
first utilizes asynchronous wireless communication to receive any brew requests from the
remote user interface. Then, the software checks the local interface, which will also use
asynchronous communication in the same way that modern keyboards and push buttons
operate. The software will utilize a priority queue to sort these requests according to their
specified brew time attribute and will regularly check if there are any requests in that queue.
If a request exists which has a brew time which is approximately the current time (allowing
for some seconds of difference), the logic flow progresses to the Materials Management
section. Otherwise, the software continuous regularly checking the queue.

Figure 15: Input Sensing Level 1 Software Flowchart

Table 12 details the functional requirements of the sections in the Input Sensing Level 1
Software Flowchart.
Module
Inputs
Outputs
Functionality

Network Input
Asynchronous wireless signals
N/A
Receives a brew request from the wireless
communication module and places it in
the queue.
Local Input
Asynchronous signals
N/A
Receives a brew request from the local
interface and places it in the queue.
Queue Check
N/A
N/A
Determines if any brews are in the queue
with a brew time which approximately
equals the current time. If there are, pulls

Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs
Functionality
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the brew from the queue and progresses
to Materials Management.
Table 12: Input Sensing Level 1 Software Functional Requirements

Figure 16 displays the Materials Management Level 1 Software Flowchart. The purpose of
this section of software is to verify that there is enough of each element to meet the user’s
brew specifications and that the waste receptacle can accept an additional iteration of waste
without overflow. As an example, if the user requests a 16 fl. oz serving of coffee, the
software must verify that there are 16 or more fl. oz of water in the water heating chamber
which can be used to brew the coffee. If any of these elements are missing or if the waste
receptacle is full, the brewing process will not continue.

Figure 16: Materials Management Level 1 Software Flowchart

Table 13 details the functional requirements of the sections in the Materials Management
Level 1 Software Flowchart.
Module
Inputs
Outputs
Functionality

Water Level Sensing
Sensor Data
N/A
Determine if the amount of water in the
water heating chamber is equal to or
greater than the serving size specified by
the user.
Bean Level Sensing
Sensor Data
N/A
Determine if the amount of beans in the
bean hopper is equal to or greater than
the amount required to make the portion
size and brew strength specified by the
user.
Filter Sensing
Sensor Data
N/A

Module
Inputs
Outputs
Functionality

Module
Inputs
Outputs
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Functionality

Determine if at least one filter exists in
the filter silo.
Waste Receptacle Sensing
Sensor Data
N/A
Determine if the waste receptacle can
accept at least on additional iteration of
waste.

Module
Inputs
Outputs
Functionality

Table 13: Materials Management Level 1 Software Functional Requirements

The Safety Sensing Level 1 Software Flowchart is show below in Figure 17. The software
follows a process similar to the Material Management logic to verify that a beverage
receptacle is under the brewing chamber. If a cup, mug, or carafe is positioned properly to
collect the brewed coffee, the brewing process will continue to placing a filter in the brewing
chamber. It must be verified through a proximity sensor that the filter is correctly resting in
the brewing chamber before the flow of control can progress to brewing of the coffee.

Figure 17: Safety Sensing Level 1 Software Flowchart

Module
Inputs
Outputs
Functionality

Receptacle Sensing
Sensor Data
N/A
Determines if a beverage receptacle is
below the brewing chamber.
Correct Filter Placement Sensing
Sensor Data
N/A
Determines if a coffee filter is correctly
placed in the brewing chamber.

Module
Inputs
Outputs
Functionality

Table 14: Safety Sensing Level 1 Software Functional Requirements

Figure 18 continues through the final Level 1 Software Flowchart; Brewing. The beans are
ground for the amount of time required to generate the quantity of coffee grounds needed to
meet the user-specified portion size and brew strength. Once ground, the beans will fall
directly into the brewing chamber. Next, water must be pumped from the water reservoir into
the smaller chamber which the heating element draws from. The pump operation will be time
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dependent, as it will only be activated for enough time to allow the specified portion size of
water to pass through the heating element. Upon leaving the heating element, the water will
flow into a chamber where it will be allowed to cool to the specified brewing temperature.
When the software detects that the water is at the appropriate temperature, the hot water will
be allowed to flow into the brewing chamber, over the grounds. The process is completed by
removing the waste from the brewing chamber once the cooling chamber has been
completely emptied; this will also be a timer-based decision.

Figure 18: Brewing Level 1 Software Flowchart

Table 15 details the functional requirements of the sections in the Brewing Level 1 Software
Flowchart.
Module
Inputs
Outputs
Functionality

Bean Grinding
Timer data
N/A
Grinds the beans for a predetermined
amount of time.
Water Heating
Timer Data
N/A
Heats the water to the boiling point.
Water Cooling
Sensor Data
N/A
Allows water to cool to specified brewing
temperature.
Hot Water Transfer
Timer data
N/A
Allows hot water to exit the brewing
chamber for a predetermined amount of
time.
Waste Disposal

Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs
Functionality

Module
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Inputs
Outputs
Functionality

N/A
N/A
Dumps waste into waste receptacle.
Additionally replaces filter in the
brewing chamber.
Table 15: Brewing Level 1 Software Functional Requirements

5.2.3. Level 2 Software Flowchart (TDM, LJG)
The transition from the Level 1 to the Level 2 Software Flowcharts increases the detail and
gets closer to pseudocode by expanding the Level 1 blocks. As stated above at the beginning
of the Software Design Level 2 section, it should be noted that in the Functional Requirement
tables, each Module is composed of one to several blocks of various types, such as action,
decision, data, and display. This method of organization was done for ease of explanation
and clarity.
Figure 19 shows Input Sensing Level 2 Software Flowchart. Requests are read
asynchronously through the wireless interface and the local interface before being placed in a
priority queue. A brew request with a specified brewing time which is approximately equal to
the current time is popped from the queue and the process moves forward with determining
whether the request can be met in Materials Management.

Figure 19: Input Sensing Level 2 Software Flowchart

Table 16 details the functional requirements of the sections in the Input Sensing Level 2
Software Flowchart.
Module
Inputs
Outputs
Functionality

Network Input
User specifications from remote interface
New brew queue element
Receives a user request from the wireless
communication module (Bluetooth) and
places it in the brew queue.
Tyler Moff
Local Input
User specifications from local interface
New brew queue element

Designer
Module
Inputs
Outputs
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Functionality

Receives an input from the local interface
and places it in the brew queue.
Tyler Moff
Queue Check
Brew queue
Oldest brew queue element
Determine if any brews are in the queue.
If there are, pop the brew from the
queue.
Tyler Moff

Designer
Module
Inputs
Outputs
Functionality

Designer

Table 16: Input Sensing Level 2 Software Functional Requirements

Figure 20 contains the Materials Management Level 2 Software Flowchart. This section of
logic checks the sensors in each subsystem storage container to ensure that the user
specifications can be met with the existing elements in the system. The first element which is
checked is the water in the heating chamber. If there isn’t a sufficient amount of water in the
water reservoir to meet the user’s specifications, then a message is displayed in the user
interface informing the user that more water needs to be added to the water reservoir and the
brewing process does not proceed any farther. Next, the bean hopper sensor is checked to
determine if there are enough whole beans to meet the user’s specifications. If not, a message
is displayed in the user interface informing the user that more coffee beans need to be added
to the bean hopper, and the brewing process does not proceed any farther. The filter silo is
checked next; if there are no filters in the silo, a message is displayed in the user interface
informing the user that more filters need to be added to the filter silo, and the brewing
process does not proceed any farther. Finally, the waste container sensor is checked to
determine if it can hold at least one more iteration of waste. If not, a message is displayed in
the user interface informing the user that the waste disposal container needs to be emptied,
and the brewing process does not proceed any farther. When any of these material checks
fail, the brew queue element is returned to its original place in the queue so that the brew
request will be fulfilled first as soon as the missing element is replenished or the waste
receptacle is emptied.

Figure 20: Materials Management Level 2 Software Flowchart

Table 17 details the functional requirements of the sections in the Materials Management
Level 2 Software Flowchart.
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Module
Inputs
Outputs

Water Level Sensing
Water level sensor data
Control signal to water pump
Message to user
Read water level sensor in water
reservoir. If there isn’t a sufficient
amount of water to meet user
specifications, alert user that the
reservoir must be refilled.
Tyler Moff
Bean Level Sensing
Bean hopper sensor data
Message to User
Read bean hopper sensor data.
Determine if there are enough coffee
beans to meet the user’s specifications. If
not, alert the user that the coffee bean
hopper must be refilled.
Tyler Moff
Filter Sensing
Filter silo sensor data
Message to user
Read sensor data. Determine if there is at
least one filter left. If not, alert the user
that the filter silo must be refilled.
Tyler Moff
Waste Receptacle Sensing
Waste receptacle sensor data
Message to user
Read sensor data. Determine if there is
enough remaining volume in the waste
receptacle for at least one additional
iteration of waste. If not, alert the user
that the waste receptacle needs to be
emptied.
Tyler Moff

Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer

Table 17: Materials Management Level 2 Software Functional Requirements

Figure 21 displays the Safety Sensing Level 2 Software Flowchart. This section of logic is
responsible for ensuring that there is a beverage receptacle under the brewing chamber to
receive the coffee output, as well as for placing a new coffee filter in the brewing chamber
and verifying it is properly placed. In either case, lacking a beverage receptacle or a filter
would, at best, result in an inconvenient situation for the user or, at worst, result in a
dangerous situation for the user. To prevent either case, this logic tests whether these two
conditions are met. If either fail to be met, the software provides an error message to the user
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interface specifying the failure condition and does not proceed any further with the brewing
process.

Figure 21: Safety Sensing Level 2 Software Flowchart

Table 18 details the functional requirements of the sections in the Safety Sensing Level 2
Software Flowchart.
Module
Inputs
Outputs
Functionality

Receptacle Sensing
Beverage receptacle sensor data
Message to user
Read sensor data. If a beverage
receptacle is in place to receive the coffee,
continue with the brewing process. If not,
alert the user that the beverage
receptacle is missing.
Tyler Moff
Place Filter in Brewing Chamber
Brewing chamber sensor data
Message to user
Activate the filter separator, then the
dispenser. Read brewing chamber sensor
data to determine if the filter was placed
in the brewing chamber. If not, alert the
user that there was an issue with the
coffee filter dispenser.
Tyler Moff

Designer
Module
Inputs
Outputs
Functionality

Designer

Table 18: Safety Sensing Level 2 Software Functional Requirements

Figure 22 moves on to the Brewing Level 2 Software Flowchart. This logic is heavily timebased. First, the coffee bean grinder is activated, runs for the amount of time needed to
generate the user-specified amount of coffee grounds, and is then deactivated. The coffee
grounds fall directly into the filter placed in the brewing chamber during the Safety Sensing
section of logic. Next, water is pumped out of the main water reservoir and into the
individual brew water reservoir. The heating element has a one-way pressure valve which
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prevents water from flowing back through the heating element input but doesn’t prevent
water from flowing into it. Thus, in order to heat a volume of water which is within one fluid
ounce of the user specified portion size, the water must be measured out by a pump and
deposited in an individual brew reservoir; the water flow rate multiplied by the time the
pump is activated will equal the portion size of coffee which is produced. This intermediate
reservoir is directly attached to the heating element, which draws water as needed until the
chamber is empty. Forced by the water vapor pressure build-up in the heating element, the
water will spurt out into a cooling chamber, with a temperature of approximately 100°C. The
temperature of the water in the cooling chamber will be checked to determine if it is equal to
the user-specified water temperature. It should be noted that these comparisons will take into
account the error between the actual water temperature value and the specified value; the
water temperature will need to be within ± 2°C of the specified temperature. If the water
temperature is greater than the user specified temperature + 2°C, then the system waits for a
small amount of time to allow the water to cool down before rechecking the water
temperature. If the water temperature is equal to the user-specified temperature ± 2°C, the
heating element is deactivated and the brewing process continues. The next step is to open
the hot water valve, allowing the water in the cooling chamber to flow into the brewing
chamber, over the grounds and through the filter. The final step is to activate the waste
removal process, which ejects the used filter and grounds out of the brewing chamber and
into the waste receptacle.

Figure 22: Brewing Level 2 Software Flowchart

Table 19 details the functional requirements of the sections in the Brewing Level 2 Software
Flowchart.
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Module
Inputs
Outputs
Functionality

Bean Grinding
Timer data
Grinder motor control data
Grinds the beans for a predetermined
amount of time using a timer.
Tyler Moff
Water Pumping
Timer data
N/A
Pumps water from main reservoir to
individual brew reservoir for the time
required to meet the user specified
portion size.
Tyler Moff
Water Heating
Timer data
N/A
Heats the water to 100°C.
Tyler Moff
Water Cooling
Temperature sensor data
N/A
Allows water to sit and cool to within
±2°C of the user-specified brew
temperature.
Tyler Moff
Hot Water Transfer
Timer data
N/A
Allows hot water to flow out of the
heating chamber into the brewing
chamber for the amount of time required
to produce the user-specified coffee
portion size.
Tyler Moff
Waste Disposal
N/A
N/A
Removes waste from the brewing
chamber and stores it in the waste
receptacle.
Tyler Moff

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality
Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer
Module
Inputs
Outputs
Functionality

Designer

Table 19: Level 2 Brewing Software Functional Requirements
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5.2.4. Initial Input Queue Design (TDM, LJG)
As part of the first iteration of the project design implementation, the prototype of the queue
responsible for holding the information about each user-inputted brew was completed.
Currently, the queue is a basic circular array of Brew structs. The Brew struct is a
compilation of specifications which describe a cup of coffee; size, strength, and temperature
(respectively denoted as the struct members volume, density, and temp). Listing 4 displays
the Brew.h header file which contains the brew struct definition.
#ifndef BREW_H
#define BREW_H
typedef
{
int
int
int
}Brew;

struct
volume;
density;
temp;

#endif //BREW_H

Listing 4: Brew.h Header File

The queue itself consists of a struct which contains an array of Brew structs, an integer index
for the front of the queue, an integer index for the back of the queue, and the length of the
Brew struct array. The queue is initialized by allocating memory for 100 brew structs, the
front and back indexes are both set to -1, and the queue length is set to 0. In addition to the
queue initialization function, push and pop functions were written in order to store and
remove Brew structs on the queue. Pushing onto the queue simply places the given struct at
the back of the queue, which begins at the zeroth index and shifts to higher indices when
structs are added to the queue. Popping off of the queue pulls the value out of the front of the
queue, which also begins as the zeroth index and shifts to higher indices when structs are
removed from the queue. The advantage of utilizing a circular array is that no array elements
need to be shifted when elements are added or removed; the indices simply shift. Due to the
modulo operation, the indices roll over back to zero once they reach the max queue size.
These functions are shown below in Listing 5.
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#ifndef QUEUE_H
#define QUEUE_H
#include "Brew.h"
#include "stdlib.h"
int queuesize = 100;
typedef struct
{
Brew *brews;
int front;
int back;
int length;
}Queue;
void initQueue(Queue *queue)
{
queue->brews = malloc(queuesize*sizeof(*queue->brews));
queue->front = -1;
queue->back = -1;
queue->length = 0;
}
void push(Queue* queue, Brew brew)
{
if(queue->length < queuesize)
{
queue->back = (queue->back+1)%queuesize;
queue->brews[queue->back].volume = brew.volume;
queue->brews[queue->back].density = brew.density;
queue->brews[queue->back].temp = brew.temp;
if(queue->front == -1)
{
queue->front = queue->back;
}
++queue->length;
}
}
Brew pop(Queue* queue)
{
Brew brew;
if(queue->length > 0)
{
brew.volume = queue->brews[queue->front].volume;
brew.density = queue->brews[queue->front].density;
brew.temp = queue->brews[queue->front].temp;
if(queue->front == queue->back)
{
queue->front = -1;
queue->back = -1;
}
if(queue->front != queue->back)
{
queue->front = (queue->front+1)%queuesize;
}
--queue->length;
}
return brew;
}
#endif //QUEUE_H

Listing 5: Queue.h Header File Containing Basic Queue Functions
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This Brew struct and queue design is preliminary; several improvements will need to be
made for the final design. Firstly, the brews need to be scheduled for user-specified times.
This will be accomplished by adding a struct member which contains the datetime value
when the brew process should begin. To make use of this new struct member, a priority
queue which orders brews based on their datetime value will be necessary. The PIC24F’s
real-time clock (RTC) will be utilized to determine the difference between the current time
and the specified brew time; the greater the difference, the smaller the priority. Comparison
with the RTC value will also determine when the brew process should be executed and the
greatest priority brew should be popped from the queue. Secondly, the priority queue will not
use a circular array, but will instead utilize a linked list. The linked list conversion will
require a node struct which contains a Brew struct, a pointer to the next node, and a pointer to
the previous node. A linked list is the only efficient solution to implement a priority queue,
since brews could need to be deleted or inserted between other existing brews.
5.2.5. System Integration Pseudocode (TDM, LJG)
Based on the software control diagrams, pseudocode was derived which describes the
planned general flow of control once all subsystems are integrated in the final design. The
main loop of the software will check the values of water, beans, filter, and waste. This is to
ensure there is enough of every material to properly brew the coffee to the user’s
specifications. Additionally, it will check that a beverage receptacle is in position to be able
to receive the coffee. If any of the material thresholds are not met, the corresponding flag will
be set true; otherwise, the flag will be set false. From there, the thread of execution will
check if the queue has any values in it. This check will additionally include a form of
checking if the brew at the front of the queue is scheduled for a certain time. If the queue has
a brew, the system will first read the sensor flags; if all of them are false, it will pop a brew
and move to the brewing process. Otherwise, it will transmit a message via UART
communicating which flags are marked true to alert the user to the issue preventing the brew
from starting. Additionally, the brewed flag is marked true if a brew moves into the brew
process and is marked false after the receptacle sensor senses no receptacle for one iteration.
This pseudo-code is shown below in Listing 6.
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Main loop:
Read data from water, beans, and filter sensors;
If values from one of the sensors does not meet a threshold, then
set the corresponding flag to true, else set the corresponding
flag to false;
Read data from waste management sensor;
If value does not meet a threshold, then set corresponding flag
to true, else set the corresponding flag to false;
Read data from receptacle sensor;
If receptacle data does not meet a threshold, then set
corresponding flag to true and set brewed flag to false, else set
the corresponding flag to false;
If queue length is greater than 0, then
If all flags from sensor data are false, then pop a brew from
the queue and set brewed flag to true and begin brew process,
else write a corresponding message to UART about the true
flags;

Listing 6: Main Loop Pseudo-code for Input Sensing and Materials Management

The brewing process is a single thread of execution. First, it repeatedly reads data from a
sensor in the brewing chamber to detect if a filter has been dispensed. If a filter is not sensed,
then it will try to dispense again, assuming the first attempt failed. There is a limit to the
amount of retries it will attempt before assuming some form of hardware failure, replacing
the brew at the front of the queue, and moving back to the main loop. If the filter is correctly
situated in the brewing chamber, the grinder is activated for a period of time based on the
brew strength and portion size. A simple delay can be utilized for the timing functionality.
From there, the water heating system transfers water from the main reservoir to the
individual brew reservoir at a certain flow rate, then the heating element draws heats this
portion of water to a boil before placing it into an intermediary container to cool to the
specified brewing temperature. The water pump and heater will both be activated for a period
of time based on that flow rate and the brew portion size. A delay will be used to keep this
system active for that amount of time before deactivating it. Then the system will poll a
temperature sensor to determine if the hot water has cooled to the correct temperature before
activating the valve to send water to the brewing chamber. After the brew is complete, the
waste disposal is activated before returning to the main loop.
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The pseudo-code for the brewing process is shown below in Listing 7.
Brew process:
Read data from brewing chamber filter sensor;
While filter sensor data does not sense a filter in the brewing
chamber, activate filter dispensing system;
If enough failures to dispense a filter occur, replace the
brew at the front of the queue and alert the user by writing
to UART;
Activate grinder;
Delay for amount of time based on volume and density;
Deactivate grinder;
Activate water heating system;
Delay for amount based on flow rate and volume;
Deactivate water heating system;
Wait for water in cooling container to cool to the correct
temperature by reading data from temperature sensor;
Activate valve to send water to brewing chamber;
Delay for amount based on flow rate and volume;
Deactivate valve;
Activate waste disposal;
Listing 7: Pseudo-code for the Brewing Process
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6. Mechanical Sketch (BHV)

Figure 23: Orthographic Front View of the Autonomous Coffee Brewing System

Figure 24: Orthographic Right-Side View of the Autonomous Coffee Brewing System
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Figure 25: Orthographic Left-Side View of the Autonomous Coffee Brewing System

7. Team Information (LJG, LJM, TDM, BHV)
Lillian Gonzalez, Computer Engineering.
Landon Miller, Electrical Engineering.
Tyler Moff, Computer Engineering.
Benjamin Vitu, Electrical Engineering.
8. Parts List and Materials Budget (LJM)
8.1. Parts List
Refdes
M1
J1-J3
A1-A3
J4, J5, J8
J6, J7
Q1
R7
R1-R8, R10,
R11

Part #
AD0924UB-A71GL

Description

A4988
A14103100UX0245
LYSB01I57HIJ0
TIP31
CRGCQ0805F330R

Fan
Nema 17 Stepper Motor
Stepper Motor Driver
Limit Switch
IR Proximity Switch
BJT NPN 40 V 3 A 3MHz 2 W TO-220
RES 330 OHM 1% 1/8W 0805

CRG0805F10K

RES SMD 10K OHM 1% 1/8W 0805
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Quantity
1
3
3
4
2
1
1
10

C1, C2
D1
J1-J3
J4, J5, J8
J6, J7

100ZLH100MEFC10X20
S2M-13-F
B4B-PH-K-S(LF)(SN)
B2B-PH-K-S(LF)(SN)
B3B-PH-K-S(LF)(SN)

CAP ALUM 100UF 20% 100V
RADIAL
DIODE GEN PURP 1KV 1.5A SMB
CONN HEADER VERT 4POS 2MM
CONN HEADER VERT 2POS 2MM
CONN HEADER VERT 3POS 2MM

3
1
3
3
2

Table 20: Filter Dispensing System Parts List

Refdes
J10
J9
K1
Q2
R12
R13
D2
J10
J9

Part #
VL53L0X
SRD-S-112D
MMSS8050-H-TP
CRGCQ0805F330R
CRG0805F10K
S2M-13-F
B2B-PH-K-S(LF)(SN)
B6B-PH-K-S(LF)(SN)

Description
AC motor grinder assembly
TOF Distance Sensor
Miniature Power Relay 12 V 12 A
BJT NPN 25 V 1.5 A 100MHz 625 mW SOT-23
RES 330 OHM 1% 1/8W 0805
RES SMD 10K OHM 1% 1/8W 0805
DIODE GEN PURP 1KV 1.5A SMB
CONN HEADER VERT 2POS 2MM
CONN HEADER VERT 6POS 2MM

Quantity
1
1
1
1
1
1
1
1
1

Table 21: Bean Grinding System Parts List

Refdes
J11, J15
J12, J13
J14
U1
Q4, Q5
Q3
R14, R15, R21
R18, R19
R16, R17, R20, R22,
R23
C4
D3
J11, J14, J15
J12, J13

Part #
SP365-XA
VL53L0X

Description

Water Pump
TOF Distance Sensor
Heating Element
TMP102
TMP102 Temperature Sensor
TIP31
BJT NPN 40 V 3 A 3MHz 2 W TO-220
BJT NPN 25 V 1.5 A 100MHz 625 mW
MMSS8050-H-TP
SOT-23
CRGCQ0805F330R RES 330 OHM 1% 1/8W 0805
CRG0805F4K7
RES SMD 4.7K OHM 1% 1/8W 0805
CRG0805F10K
08051C104KAT2A
S2M-13-F
B4B-PH-KS(LF)(SN)
B6B-PH-KS(LF)(SN)

Quantity
2
2
1
1
2
1
3
2

RES SMD 10K OHM 1% 1/8W 0805
CAP CER 0.1UF 100V X7R 0805
DIODE GEN PURP 1KV 1.5A SMB

5
1
3

CONN HEADER VERT 4POS 2MM

3

CONN HEADER VERT 6POS 2MM

2

Table 22: Water Heating System Parts List
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Refdes
J17, J18
A4, A5
J19
J16, J21
J20, J23

Part #
A4988
VL53L0X
LYSB01I57HIJ0
A14103100UX0245

J22
R24-R29
C5, C6
J19
J17, J18
J16, J21, J22
J20, J23

FS20
CRG0805F10K
100ZLH100MEFC10X20
B6B-PH-K-S(LF)(SN)
B4B-PH-K-S(LF)(SN)
B3B-PH-K-S(LF)(SN)
B2B-PH-K-S(LF)(SN)

Description
Nema 17 Stepper Motor
Stepper Motor Driver
TOF Distance Sensor
IR Proximity Sensor
Limit Switch
STRAIN GAUGE LOAD CELL - 4
WIRES
RES SMD 10K OHM 1% 1/8W 0805
CAP ALUM 100UF 20% 100V RADIAL
CONN HEADER VERT 6POS 2MM
CONN HEADER VERT 4POS 2MM
CONN HEADER VERT 3POS 2MM
CONN HEADER VERT 2POS 2MM

Quantity
2
2
1
2
2
1
6
2
1
2
3
2

Table 23: Brewing System and Waste Management System Parts List

Refdes
U2
U3
C7
C12
C9, C10,
C11
C8
J24, J25

Part Number
DROK-200571
BD4269EFJ-CE2
TPS79933QDDCRQ1
08051C104KAT2A
CL21B224KBFNFNE

Description

Qty

PSU
5V Linear Regulator
3.3V Linear Regulator
CAP CER 0.1UF 100V X7R 0805
CAP CER 0.22UF 50V X7R 0805

1
1
1
1
1

CL21A225KB9LNNC
CAP CER 2.2UF 50V X5R 0805
CGA6P3X7S1H685K250AB CAP CER 6.8UF 50V X7S 1210
B2B-PH-K-S(LF)(SN)
CONN HEADER VERT 2POS 2MM

3
1
2

Table 24: Power Regulation System Parts List

Refdes
U4
U5

Part #
PIC24FJ128GA010
RN4870

Description
PIC24FJ128GA010
Bluetooth Module

Quantity
1
1

Table 25: Microcontroller and Bluetooth Parts List

8.2. Materials Budget
Part #
AD0924UB-A71GL
A4988
SP365-XA
A14103100UX0245

Description
Fan
Nema 17 Stepper Motor
Stepper Motor Driver
Water Pump
Limit Switch
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Qty.
1
5
5
2
6

Unit Price
$ 13.69
$
8.80
$
1.40
$ 13.00
$
0.42

$
$
$
$
$

Price
13.69
44.00
7.00
26.00
2.52

LYSB01I57HIJ0

IR Proximity Switch
TMP102 Temperature
TMP102
Sensor
VL53L0X
TOF Distance Sensor
STRAIN GAUGE LOAD
4540 CELL - 4 WIRES
BJT NPN 40 V 3 A 3MHz 2
TIP31
W TO-220
BJT NPN 25 V 1.5 A
MMSS8050-H-TP
100MHz 625 mW SOT-23
RES 330 OHM 1% 1/8W
CRGCQ0805F330R
0805
RES SMD 4.7K OHM 1%
CRG0805F4K7
1/8W 0805
RES SMD 10K OHM 1%
CRG0805F10K
1/8W 0805
CAP CER 0.1UF 100V X7R
08051C104KAT2A
0805
CAP CER 0.22UF 50V X7R
CL21B224KBFNFNE
0805
CAP CER 2.2UF 50V X5R
CL21A225KB9LNNC
0805
CAP CER 6.8UF 50V X7S
CGA6P3X7S1H685K250AB
1210
CAP ALUM 100UF 20%
100ZLH100MEFC10X20
100V RADIAL
DIODE GEN PURP 1KV
S2M-13-F
1.5A SMB
CONN HEADER VERT
B2B-PH-K-S(LF)(SN)
2POS 2MM
CONN HEADER VERT
B3B-PH-K-S(LF)(SN)
3POS 2MM
CONN HEADER VERT
B4B-PH-K-S(LF)(SN)
4POS 2MM
CONN HEADER VERT
B6B-PH-K-S(LF)(SN)
6POS 2MM
AC motor grinder assembly
Miniature Power Relay 12 V
SRD-S-112D
12 A
Heating Element
DROK-200571
PSU
BD4269EFJ-CE2
5V Linear Regulator
TPS79933QDDCRQ1
3.3V Linear Regulator
PIC24FJ128GA010
PIC24FJ128GA010
RN4870
Bluetooth Module
Table 26: Materials Budget
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4

$

0.99

$

3.96

1
4

$
$

4.95
9.95

$
4.95
$ 39.80

1

$

3.95

$

3.95

3

$

0.30

$

0.90

2

$

0.20

$

0.40

5

$

0.10

$

0.50

2

$

0.10

$

0.20

22

$

0.10

$

2.20

2

$

0.16

$

0.32

1

$

0.10

$

0.10

3

$

0.31

$

0.93

1

$

1.04

$

1.04

5

$

0.77

$

3.85

5

$

0.37

$

1.85

8

$

0.17

$

1.36

5

$

0.19

$

0.95

8

$

0.24

$

1.92

4
1

$
0.33
$ 49.99

$
1.32
$ 49.99

1
1
1
1
1
1
1

$
2.98
$ 12.20
$ 35.99
$
1.68
$
1.23
$
6.30
$
7.71
Total:

$
2.98
$ 12.20
$ 35.99
$
1.68
$
1.23
$
6.30
$
7.71
$ 401.34

9. Project Schedule (LJG)
Contained in Figures 20 and 21 is the Gantt chart while outlines this semester’s work and
which team member(s) accomplished what tasks.

Figure 26: First Half of Gantt Chart Describing the Tasks Accomplished This Semester

Figure 27: Second Half of Gantt Chart Describing the Tasks Accomplished This Semester
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10. Conclusions and Recommendations (LJG)
This report summarizes the designs and prototyping efforts which have been refined over the
course of this semester. Several designs previously described in the midterm report were
reevaluated and altered; for example, the heating subsystem design was originally intended to
use a submerged heating element, and now will utilize a standard tube heating element. At this
point, the team is confident in the designs discussed above and in the beginning implementations
of several key subsystems which were demonstrated to the faculty. Over the course of the next
semester, all the subsystems will be fully implemented, tested, and ultimately integrated into the
final Autonomous Coffee Brewing System.
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12. Appendix
The following datasheets were referenced:
1. “PIC24FJ128GA010 Family”, DS39747F datasheet, Microchip Technology Inc., 2012,
pp. 1, 97-98. [Online]. Available:
http://ww1.microchip.com/downloads/en/devicedoc/39747f.pdf
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